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ABSTRACT

Wastewater treatment using submerged membranes has become an industry standard
treatment technology over the last 15years. Initially, membrane bio-reactor (MBR) plants
were often built in regions with the highest effluent quality requirements or in areas of water
scarcity. MBR systems have increasingly gained acceptance as one of the best wastewater
treatment technologies available. Globally, MBR technology is the fastest growing wastewater
treatment technology available, with an annual growth rate (depending upon the country) of

between 10 and 20%.

Keywords: MBR; Fouling; Flux; Peak flow; Permeability; EPS; Reduction of fouling; Operation
costs; Investment costs; Wastewater treatment; Membrane; Zero liquid discharge;

Water reuse

The main justification behind the decision to build
an membrane bio-reactor (MBR) plant can include:

o The development of water reuse opportunities.

e The use of good quality MBR effluent as “pre-treat-
ment” for further steps such as reverse osmosis.

e 100% efficiency in solid/liquid separation.

e High-quality effluent with minimised environmen-
tal impact.

e Low physical footprint (<40% of a conventional
activated sludge [CAS] plant).

e Ability to directly reuse plant effluent for irrigation,
cleaning, industrial process water supply, cooling
tower makeup and many others.

o Ease of future plant expansion due to modularity.

Treated municipal wastewater is often discharged into
sensitive rivers or lakes, and this requires municipali-
ties to meet very stringent treatment standards. All
impurities have to be removed in order to protect the
surface water environment. In tourist areas, MBR
plants are used to ensure a water quality acceptable for
discharge into waters where people can swim. To date,
about 60% of all MBR plants have been built in indus-
trial applications, but in most cases these plants are dis-
charging their treated effluent into the sewers of the
local municipality for further treatment. Industrial cus-
tomers usually invest in an MBR plant because of finan-
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cial or legal reasons. Fig. 1 shows the growth in the
market for MBR technology during the past 20 years.

The main drivers for industrial companies to
invest in MBR technology are:

e The need to meet discharge limits according to local
legislation.

e Avoidance of penalties from discharging polluted

wastewater.

Limited availability of freshwater resources.

Independence from public water supplies.

Financial reasons.

No or little available space for plant construction.

Need to upgrade an existing plant by retrofitting

newer technology.

More than 5,000 MBR plants are now in operation
around the world. Much work has already been
carried out regarding research and optimisation to
reduce the captail expenditure or investment costs
(CAPEX) and operation expenditures or operation
costs (OPEX) of this technology, to make it more com-
petitive and available for use in other applications.
However, more than 80% of global research activities
on MBR operation are focused upon the reduction of
problems caused by fouling.

Many different actions have been taken to reduce
and optimise equipment and operational costs. A
major focus has been the reduction of membrane
costs. Besides the higher overall equipment costs,
membrane costs have been the main cost driver
regarding OPEX (e.g. short lifetime vs. high replace-
ment costs). During the last 20years, the costs for
installed membranes have been greatly optimised,
starting at an historical high of >$400/m” down to
now <$80/m?> depending upon the kind of system.
Fig. 2 shows the decreasing trend in the cost of MBR
plants since 1992. The major reductions are clearly
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Fig. 1. MBR market size 1990-2010.

shown for membrane replacement costs and for the
amortisation of capital.

During the past 10years, there has been little fur-
ther innovation to deliver major reduction or optimi-
sation of these costs. Therefore, it has become
necessary to search for new opportunities to reduce
the CAPEX and OPEX of an MBR plant, but without
reducing quality and compromising safe and reliable
operation. In Fig. 3, the different cost elements for an
MBR plant are shown.

It is clear from the data presented in Figs. 2 and 3
that the costs regarding equipment acquisition (amor-
tisation and investment) are major cost drivers. Com-
pared to CAS plants, the period of amortisation is
shorter because a bigger part of the investment cost is
related to mechanical equipment, membranes and
electrical engineering instead of civil engineering.

Therefore, the target to improve the competitive-
ness of an MBR system must optimise all aspects of the
system where possible. To explain the steps Nalco has
taken to address these issues, it is necessary here to go
into some detail. Over six years ago, Nalco started to
identify opportunities and innovation which would
optimise the performance of an MBR system, and sig-
nificantly reduce CAPEX and OPEX expenditures.

In this paper, the strategy used to identify areas for
improvement, and the technology which was devel-
oped and applied as a consequence, are described and
illustrated by means of a calculation model. The calcu-
lation and comparisons are presented using the exam-
ple of municipal wastewater. Industrial cases are not
generally comparable, and often unique, therefore it
was felt more informative to use municipal wastewater
conditions for this particular example. This compari-
son is done as a theoretical calculation using design
conditions and operation experiences of erected plants.
The calculation is based on tendered projects.

1. Introduction

The major cost drivers for MBR equipment are the
equipment itself plus the costs of the membrane.
These components are usually sized according to spe-
cific hydraulic conditions:

Membranes
Permeate pumps
Pipework
Cross-flow blowers
Drainage equipment
Control equipment

The size of the tanks, fine bubble aeration, pre-
treatment, chemical treatment, biological parameters,
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Fig. 2. Change in the total cost of MBR equipment and operations 1992-2005. Source: Ref. [11].
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Fig. 3. MBR equipment costs—CAPEX.

recycling pumps and other components are mainly
designed according to the incoming load on the sys-
tem, and the quality of effluent required.

This brief summary shows that three major factors
are responsible for the design, size and overall cost of
a wastewater treatment plant:

e the physical and chemical loading of the incoming
wastewater,

e the standard to which the wastewater must be trea-
ted in order to meet environmental standards, and

o the hydraulic conditions of the total system.

MBR plants have the advantage of a mixed liquor
suspended solids (MLSS) concentration three to four

times higher than the more traditional CAS plants,
and therefore can produce the same or better results
with a much smaller equipment footprint.

The main focus for innovation and optimisation has
been on the hydraulic characteristics of the total system.
Improvement of hydraulic characteristics can offer
major cost reductions in the total cost of MBR systems
when compared to CAS systems. Industrial companies
very often recognise a greater financial benefit when
deciding to use MBR technology. In general, the load
can be higher, and the amount of water to be treated
lower, when compared to municipal treatment plants,
however in industrial cases the objectives of any treat-
ment programme are somewhat broader. These can
include a target to achieve high system availability,
superior effluent quality to facilitate water reuse, flexi-
bility and all with a smaller equipment footprint. Such
treatment strategies are designed to ensure stable per-
formance with less upsets, and operational character-
istics, which can meet treatment standards under the
range of conditions, expected.

The amount of membrane surface required is cal-
culated based on the volume and flow of water, which
must be treated. If the membranes become fouled, no
water can be treated, so innovation too has focused
upon the avoidance or mitigation of fouling.

2. Comparison

This paper shows the CAPEX and OPEX of a waste-
water treatment plant under “normal” circumstances
and also by using the Nalco Membrane Performance
Enhancer (MPE) technology to improve the perfor-
mance and competitiveness of an MBR plant [4-6].



344

The Membrane Performance Enhancer (MPE™)
technology, developed by Nalco in 2002, is used in
full-scale MBR plants to overcome upsets, to con-
trol/avoid fouling and also to enlarge the capacity
of the MBR plant. These new innovative pro-
grammes coagulate the SMP (colloidal extra polymer
substances [EPS], micro particles) and remove their
chemical activity. The use of MPE™ technology has
consistently shown that membrane fouling is signifi-
cantly reduced even at higher fluxes and lower
transmembrane pressures (TMPs). In addition, per-
meate chemical oxygen demand (COD) was reduced
by ~30% with no negative effect on bioactivity. The
oxygen transfer efficiency (a-factor) shows also a
slight increase [7,8].

For more details and request for testing and trials,
please contact your local Nalco agent.
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In the following comparison, three different plants
are presented. The first example uses a traditional CAS
plant treating municipal wastewater, the second uses
an MBR plant treating similar wastewater and the
third is based upon a situation where Nalco technol-
ogy was applied to improve the performance of the
MBR plant (note that an exchange rate of €1=%1.40
had been used for purposes of these calculations).

Summary of systems used in this comparison:

1. CAS plant including sand filtration + UV.

2. MBR plant designed and operated in the conven-
tional way.

3. MBR plant using Nalco’s MPE technology.

For the calculations and design, the same baseline
figures (20,000 population equivalent [p.e.]) have been

Table 1

Baseline data for plant operation: characterisation of municipal wastewater

Amount of water (minimum flow) 1,500 m3/d 0.528 mgd
Average daily flow 3,000m>/d 0.925mgd
Daily peak flow (rain water, etc.) 4,000m>/d 1.057 mgd
Peak flow per hour (18 h/peak) 220m®/h 0.058 mgh
Water amount per year 1,050,000 m3/a 3,330,215 mga
BOD 60g/p.e xd 1,200kg/d 600mg/1
COD 120g/p.e. x d 2,400kg/d 1,200 mg/1
TKN 11g/p.e xd 220kg/d 110mg/1
Pior 2g/p.e xd 40kg/d 20mg/1

Sludge age ~ 9 days, 12°C, MLVSS = 3,400 mg/1 + Inorganic solids ~400mg/1=3,800 mg/1.
Effluent quality: COD <60mg/1, BOD <10mg/1, NH;~N <1mg/1, Ni:<15mg/1, P,y <0.3mg/1.

Conventional waste water treatment e.g. 20.000 p.e.
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Picture 1. Layout of a typical CAS plant as used in this paper.
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Table 2
CAPEX required for the build of the CAS plant
Step/unit Specification Machinery Civil work  Electric/
measurement
Coarse screen 6 mm 2 Lines each 50% (110 m®/h) €90,000 €40,000 €40,000
Primary sedimentation 150m3, 1 circle tank €45,000 €90,000 €30,000
Grit aerated chamber €50,000 € 80,000 €20,000
Denitrification 1,400 m3, 2 lines €85,000 €560,000 €80,000
Nitrification (incl. aeration) 2,200m?, 2 lines €360,000 €850,000 €210,000
Secondary sedimentation 2,400m>, 2 rectangular tanks, D=20m €320,000 €850,000 €180,000
2 Thickener Each 500 m® €60,000 €420,000 €20,000
1 Digester 1,200 m® €80,000 €720,000 €50,000
2 Final thickener Each 500 m® €60,000 €420,000 €20,000
Sludge dewatering press Belt press (option) €550,000 €60,000 €30,000
Sand filtration 15m>/m? x h, four filters each 5m? €240,000 €120,000  €60,000
UV-disinfection 6 lines, each 40m>/h €180,000 €120,000 €60,000
Others, engineering etc. €250,000 €500,000 €250,000
Sum €2,370,000 €4,830,000 €1,050,000
Total CAPEX (including sludge treatment) €8,250,000 $11,550,000
€413/p.e. $522/p.e.
Total CAPEX (without sludge treatment, only storage tank) €6,260,000 $8,764,000
€313/p.e. $438/p.e.

used in order to permit like-for-like comparisons with
the results obtained. A typical municipal wastewater
was used (as shown in Table 1). In all cases, the plant
design and operation is described in terms of high-
level calculations. However behind each value, more
detailed calculations including pipe dimensions, mea-
surements, control systems, biological treatment per-
formance, blower performance, and pumps and
mixers have been included. Prices and costs typical of
a wide range of tendered projects were used.

The calculation of the tank size for each example
varied according to the local situation, so it is felt that
the comparison is realistic and is based upon situa-
tions, which are typical in the field.

The cost calculation is using the same basic costs.
Therefore, the comparison can be transferred also into
regions where the price level is different. If there are
significant differences between civil work and
mechanical investment, the costs can be different. In

this case, please see the detailed calculation to adjust
the cost relation.

2.1. Plant example no. 1: conventional municipal activated
sludge (CAS) plant

Picture 1.
Tables 2-6.

2.2. Plant example no. 2: municipal MBR plant

The design of a conventional MBR plant must take
the most difficult operation periods into account to
ensure always stable operation especially during max-
imum hydraulic peak, peak load, potential upsets and
low temperature. Often additional lines are installed
to ensure redundancy in case lines must be taken out
of operation. This calculation impact is shown in
Tables 7 and 8 (Picture 2).
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Table 3
OPEX required for the municipal CAS plant

No. Kind of costs

1 Personal costs, workers

Energy costs (coarse screen, pre-sedimentation, denitrification, bio-reactor,
secondary sedimentation, sand filtration, UV, sludge treatment, others)

Consumption  Spare Annual
price costs (€)

Similar in all cases

365,000kW/a €0.09/ €32,900/a

kWh

3 Chemical costs (P-removal, cleaning, sludge dewatering) €25,000 €/a

4 Sludge disposal costs Similar in all cases

5 Maintenance costs
Civil work 0.5% CAPEX €24,200/a
Machinery 2.0% CAPEX €96,600/a
Electric/measurement 2.0% CAPEX €22,000/a

6 UV-lamp replacement (lifetime 2-3 years, filter maintenance) €42,500/a

7 Others Overall €10,000/a

Sum (only for comparison: additional annual costs) OPEX €253,200/a

Table 4
Design figures for MBR

Sludge age ~20days, 12°C, MLSS =12,000 mg/1 + Inorganic solids = 12,400 mg/1
Effluent quality: COD <40mg/1, BOD <5mg/1, NHs~N <1mg/l, Nyo: <5mg/1, Py, <0,3mg/1

2.3. Plant example no. 3: municipal MBR plant + MPE
technology

MBR plants are particularly affected by fouling
and upset during cold temperatures [4,7,10], and dur-
ing shock events, which results in lower flux rates
and requires more membranes. Often system availabil-
ity is decreased. Under such conditions, it is essential
to optimise operating conditions, reduce fouling and
continuously enhance the performance of the mem-
brane systems. In identifying successful solutions to
these challenges, there are several main benefits to be
realised:

Reduction of energy demand and costs.
Reduction of down time.

Enhanced asset lifetime.

Fewer operational problems.

Improved oxygen transfer efficiency (~15%).
Foam reduction.

In this example, the calculation was done based
upon Nalco’s experience with operational CAS plants
and conventional MBR plants. Depending on the kind
of membrane used, results can vary, however this had
no discernible impact on the results of the compari-

sons made. At the end of this paper, an evaluation of
costs and their variation is presented for information
(see Table 12). For some MBR plants, their lifetime is
lower than 8years because of the necessary high
cleaning frequency and mechanical stress, for example
high TMP. A major target was to reduce chemical
cleaning frequency and to reduce the TMP during
plant operation.

In Picture 3, flux data are shown for ~20 municipal
MBR plants using the MPE technology. Based on these
experiences, the peak and average flow can be fixed
and used for the design of a new MBR plant [2,3].

Compared to the design flux rates of conventional
MBR plants, the peak and average flux rates when
using the Nalco MPE technology were approximately
30 to 100% higher. The experiences using MPE tech-
nology led to reduced chemical cleaning frequency,
less equipment and maintenance costs, lower mem-
brane replacement costs, less upsets and a stable reli-
able operation. Reliability is very often a major reason
to spend additional money on more membranes and
more control and measurement equipment. The draw-
backs are usually higher costs and reduced competi-
tiveness. Traditional chemicals for sludge dewatering
or chemicals for pre-treatment in normal use can have
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Table 5
CAPEX of the MBR plant without MPE
Step/unit Specification Machinery Civil Electric/
work measurement
Coarse screen 6 mm 2 Lines each 50% (110 m3/h) €90,000 €40,000 €40,000
Fine screen <1 mm 2 Lines each 50% (110m3/h) €100,000 €40,000 €30,000
Primary sedimentation 150 m3, 1 circle tank €45,000 €90,000 €30,000
Grit aerated chamber €50,000 €80,000 €20,000
Denitrification 480m>, 2 lines €35,000 €260,000 €50,000
Nitrification (incl. Aeration) 700m?3, 2 lines €180,000 €340,000 €210,000
Membranes, blowers, 7,480 m?, 3 lines, x190 m> (calculated 50% €1,180,000 €320,000 €180,000
permeate pumps nitrification)
2 Thickeners Each 300 m® €60,000 €280,000  €20,000
1 Digester 1,000 m® €80,000 €620,000  €50,000
2 Final thickeners Each 300 m® €60,000 €420,000 €20,000
Sludge dewatering press Belt press (option) €550,000 €60,000 €30,000
Others, engineering, etc. €250,000  €500,000 €250,000
Sum €2,680,000 €3,050,000 €930,000
Total CAPEX (including sludge treatment) €6,660,000 $9,324,000
€340/p.e. $476/p.e.
Total CAPEX (without sludge treatment, only storage tank) €4,770,000 $6,678,000
€246/p.e. $343/p.e.
Table 6
OPEX of the MBR plant without MPE
No.  Kind of costs Consumption Spare Annual
price costs (€)
1 Personal costs, workers Similar in all cases
Energy costs (coarse screen, pre-sedimentation, denitrification,  795,000kW/a 0.09/kWh  €87,900/a
bio-reactor, MBR, sludge treatment, others)
3 Chemical costs (P-removal, cleaning, sludge dewatering) €37,000/a
4 Sludge disposal costs Similar in all cases
5 Maintenance costs
Civil work 0.5% CAPEX €15,300/a
Machinery (without membrane replacement) 2.0% CAPEX €39,600/a
Electric/measurement 2.0% CAPEX €17,400/a
6 Membrane replacement costs (8a lifetime) 1,000 m?/a €90/m? €90,000/a
7 Others Overall €10,000/a
Sum (only for comparison: additional annual costs) OPEX €297,200/a

a negative impact on membrane performance. In the
MBR technology, it was necessary only to use chemi-
cals and biomass, which are adapted for an MBR
plant for pre-treatment, biological compartment, mem-
brane performance and sludge dewatering.

Nalco MPE is a modified polymer with partial
cationic charge. MPE complexes and precipitates the

negatively charged biopolymers (EPS like polysaccha-
rides and proteins), which are known to be a major
foulant in MBRs. MPE also helps to increase the cake
layer porosity [1,5] on the membrane surface. A third
action of MPE is that the particle size increases and
therefore minimises the fouling caused by colloidal
particles.
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Table 7

Design without MPE case would require 7,340 m* membrane

Period Peak inflow (m®/h) Temperature (min) (°C) Flux (L/[m?h]) A membrane (m?)
Hour 220m>/h 10 28 7,860

Day 167 m>/h (4,000 m®/d) 10 28 6,000

Week 146 m>/h (3,500 m®/d) 10 24 6,100

Month 125m3/h (3,000m>/d) 12 21 5,950

Average 120m°®/h (1,050,000 m*/a) 14 17 7,060

Table 8

Design + MPE case would require 5,460 m? membrane

Period Peak inflow Temperature (min) (°C) Flux (L/(m?h]) A membrane (m?)
Hour 220m>/h 10 48 4,600

Day 167m3/h (4,000 m3/d) 10 38 4,400

Week 146 m®/h (3,500 m®/d) 10 34 4,300

Month 125m°®/h (3,000 m>/d) 12 26 4,800

Average 120 /h (1,050,000 m3/a) 14 22 5,460

Membran Bio-Reactor + MPE plant e.g. 20.000 p.e. MBR plant without MPE-technology

Amount of membrane surface calculated based on the peak flow per hour 220 m*/h, 28 Um’xh = 7,860 m?
(calculation of the membran modules based on Kubola technology )

Gt . see Tab.5
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Picture 2. Layout of a typical MBR plant (without Nalco MPE).

Benefits of MPE technology:

Ensure that the membranes could be kept clean
during operation.

Increase biofilm porosity.

Reduce biofilm thickness.

Increase the viscosity.

e Increase the particle size.
o Increase the filterability (up to 800% possible).
e Promote higher back transport velocity.
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Biofilm Layer -- SMP and EPS (Colloidal Particles)
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EPS= Extra Polymer Substances
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US Patent 6723245 issued on April 20, 2004

MPE chemistry forms polymer-biopolymer complexes and these complexes become part of bio-floc structure.

Table 9

CAPEX of the MBR plant + MPE

Step/unit Specification Machinery Civil Electric/

work measurement

Coarse screen 6 mm 2 Lines each 50% (110 m®/h) €90,000 €40,000 €40,000

Fine screen <1mm 2 Lines each 50% (110 m3/h) €100,000 €40,000 €30,000

Primary sedimentation 150 m?, 1 circle tank €45,000 €90,000 €30,000

Grit aerated chamber €50,000 €80,000 €20,000

Denitrification 480m?, 2 lines €35,000 €260,000 €50,000

Nitrification (incl. 700m>, 2 lines €180,000 €340,000 €210,000

aeration)
Membranes 5460 m?, 2 lines, x 190 m® (calculated 50% €840,000 €220,000 €170,000
nitrification)

2 Thickeners Each 300m® €60,000 €280,000  €20,000

1 Digester 1,000 m® €80,000 €620,000 €50,000

2 Final thickeners Each 300 m? €60,000 €420,000 €20,000

Sludge dewatering Belt press (option) €550,000  €60,000 €30,000

press

Others, engineering, etc. €230,000 €480,000  €240,000

Sum €2,320,000 €2,930,000 €910,000

Total CAPEX (including sludge treatment) €6,160,000 $8,624,000
€307 /p.e. $429/p.e.

Total CAPEX (without sludge treatment, only storage tank) €4,270,000 $5,990,000
€212/p.e. $297 /p.e.

Reduction of the investment costs (CAPEX)
Reduction of the operation costs (OPEX)
Solving typical operation problems (cold
temperature, EPS, etc.).

Target:

MPES50 has always shown a measurable effect on
the floc characteristics by altering the porosity [1],

thus improving filterability and reducing fouling [9]
potential. Following addition of the polymer, smaller
particles in the <15pum range bind together to form
larger flocs. As a result, flux rates are increasing as
shown in Picture 3. Especially in case of low tem-
perature at municipal plants, this is a beneficial
effect [4].
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Table 10
OPEX of the MBR plant + MPE
No. Kind of costs Consumption  Spare Annual
price costs [€]
1 Personal costs, workers Similar in all
cases
2 Energy costs (coarse screen, pre-sedimentation, denitrification, bio-reactor, ~ 635,000kW/a €0.09/ €57,200/a
MBR, sludge treatment, others) kWh
3 Chemical costs (P-removal, cleaning, sludge dewatering, MPE treatment) €57,000/a
4 Sludge disposal costs Similar in all
cases
5 Maintenance costs
Civil work 0.5% CAPEX €14,600/a
Machinery (without membrane replacement) 2.0% CAPEX €33,700/a
Electric/ measurement 2.0% CAPEX €16,600/a
6 Membrane replacement costs (10a lifetime) 550m?/a €90/m? €49,500/a
7 Others Overall €10,000/a
Sum (only for comparison: additional annual costs) OPEX €238,600/a
Table 11
Summary of CAPEX and OPEX for all three options
CAPEX % OPEX %
Conventional activated sludge plant €8,250,000 ($11,550,000) 100 €253,200/a* 100
- without sludge treatment €6,260,000 ($8,764,000) 100 $350,280
MBR plant without MPE €6,800,000 ($9,520,000) 82 €297,200/a*
— without sludge treatment €4,910,000 ($6,874,000) 78 $430,080 117
MBR plant + MPE €6,160,000 ($8,622,000) 75 €238,600/a*
— without sludge treatment €4,270,000 ($5,990,000) 68 $348,040 94
Note: “OPEX are calculated including sludge treatment (no disposal costs).
Table 12
Total annual costs **including depreciation
Linear depreciation, CAPEX
Machinery Civil work Electric Total annual costs %
8years 5years
CAS €296,250 €241,500 €210,000 €253,200 €10,10,000/a 100
MBR €269,500" €152,500 €186,000 €297,200 €905,200/a 89.6
MBR + MPE €228,500" €146,500 €182,000 €238,600/a €795,600/a 78.7

*Without membrane costs, membrane replacement costs are operation costs.
*Including sludge treatment.
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Picture 4. Layout of the MBR plant + Nalco MPE.

The impact on CAPEX and OPEX is shown in this
comparison.

2.4. Plant example no. 3: municipal MBR plant + MPE
technology

Picture 4.
Tables 9-11.

3. Comparison summary

This comparison shows the costs of a plant able to
treat a maximum of 4,000m®/day of municipal waste-

water. This is a specific wastewater production of
2001/p.e. xd including leakage water and a certain
amount of rainwater. These design figures will vary
by country due to the local situation and require-
ments. The data in this paper give an indication of the
relative price levels, all things being equal.

The comparisons show clearly the financial advan-
tages of a newly erected MBR plant over a traditional
CAS plant. In a situation where land prices are rela-
tively high, the costs for a CAS plant will inevitably
increase due to the relatively large equipment footprint.
It also shows that there is a clear advantage for MBR
technology to be used with Nalco’s MPE technology.
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In case of a CAS+SF+UYV, it must be taken into
account that the bacteria and viruses are only
destroyed but not removed. An MBR plant is a 100%
barrier for all micro pollutants and separating bacteria
and >99.9% of viruses.

This example has shown that, based upon experi-
ences with actual systems, that using MPE technology
makes MBR systems more competitive and cheaper
compared to CAS systems. Using MPE technology in
this specific case gave a benefit of about €110,000/a.

This saves about 0.106/m> ($0.14/m’) costs at
>1,000,000m>/a compared to a CAS plant.
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